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Abstrat
Conventional reator neutrino experiments are dissapearane experiments, and thus have less
sensitivity to small mixing angles than appearane experiments do. It has been reently shown
that future reator neutrino experiments onsisiting of a near and far detetor are ompetitive
with rst-generation superbeams in order to determine sin2 2θ13 down to 10
−2
. We show that
by using the antineutrino-eletron elasti sattering at the near detetor around the onguration
where dσνe/dT presents a dynamial zero, an appearane-like experiment an be simulated, with
a sensitivity omparable to the one ahieved with the inverse β-deay reation in the far detetor.
Thus, the near detetor ould also be used to look for osillations. We present how antineutrino-
eletron elasti sattering ould be properly used for this purpose allowing that the ombination
of the measurements in the far detetor and in the near detetor would push the sensitivity of the
experiment to a lower value of θ13.
PACS numbers: 14.60.Pq, 13.15.+g, 28.41.-i FTUV-03-1111 , IFIC-03-51
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I. INTRODUCTION
The old solar and atmospheri neutrino problems are oming to an end and we are entering
an era of preision experiments. During the last years, dierent results have given strong
evidenes of solar and atmospheri neutrino osillations [1, 2℄. Reently, the LMA solution of
the solar neutrino problem was onrmed by the KamLAND reator experiment [3℄ and also
by more data from SNO [4℄. The allowed regions for the solar and atmospheri square mass
dierenes and mixing parameters are, thus, getting very onstrained. We do not know,
however, one very important question: whether θ13, i.e., the Ue3 mixing, is dierent from
zero. This mixing is the door to the experimental measurement of fundamental CP (or T)
violation eets [5℄, the type of mass hierarhy [6, 7, 8℄ and ontrols the Earth matter eet in
supernova neutrino osillations (see, e.g., Refs. [9℄). Besides the experimental impliations,
the smallness of θ13 [10, 11℄, ompared to the other two mixing angles (in a three-neutrino
mixing sheme), whih are relatively large [1, 2, 3℄, is something not yet explained from the
theoretial point of view.
The CHOOZ reator experiment provides the more stringent bounds on the value of
θ13 [10℄, although there are several experiments onsisting on onventional beams like
K2K [12℄, MINOS [13℄ or CNGS experiments [14℄, whih ould establish θ13 6= 0 or improve
the present lower limit, sin2 2θ13 < 0.10. Even better limits are foreseen with superbeams [15℄
or neutrino fatories [16℄.
When talking about ontrolled neutrino osillation experiments, there are essentially two
types of them: appearane and disappearane experiments. In an appearane experiment,
a neutrino of a given avor is produed. During the propagation, its avor hanges and
it is deteted via a pure harged urrent reation. On the other hand, in a disappearane
experiment a neutrino of a denite avor is produed in a ontrolled way and the depletion
in the original ux after propagation is the signal for osillation. The derease in the original
ux is measured via harged urrent reations whih see the same avor as the one produed.
However, for small mixings, the main signal in the detetor omes from neutrinos of the same
avor as the one produed, so this means that there is less sensitivity to small mixings for
disappearane experiments. In addition, harged urrent detetion has a threshold energy
for prodution, so that it is, in general, impossible to use low energy neutrinos for appearane
experiments.
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It has been reently proposed [17, 18℄ the use of reator neutrinos to improve the sen-
sitivity to θ13. In order to do this, two detetors have to be used, a near detetor and a
far detetor. The latter at a distane of ∼ 1.7 km and the former nearer so that no osil-
lations take plae. In this way, systemati errors an be redued and a sensitivity down to
sin2 2θ13 ≃ 0.01− 0.02 ould be reahed.
Nulear reators produe low energy νe and the basi detetion reation is the inverse
β-deay whih has an energy threshold of 1.806 MeV [19℄. For these energies a baseline
of
>
∼ 1 km is needed so that osillations an take plae for the atmospheri square mass
dierene. This is, however, a disappearane experiment and thus, less sensitive to small
mixings, whih is the ase.
We would like to nd an experiment apable of measuring very small mixings. In order
to aomplish this task, we will fous on the following mixed harged and neutral urrent
reation: νe+ e
− → νe+ e
−
. We will make use of the fat that for another avor, νx+ e
− →
νx + e
−
(with x 6= e) is a pure neutral urrent reation. Consequently, the ross setions
for these reations are dierent. In priniple, this fat ould be used to perform a neutrino
osillation experiment (νe → νx) whih would be a mixture of appearane and disappearane
experiments. This mixture depends on the neutrino energy and the eletron reoil diretion,
so it ould be tuned by the hoie of the appropiate kinematis. If osillations take plae,
the number of reoil eletrons will be dierent from the ase of no osillations. However, if
both ross setions are similar, the eet has a minor impat on the study of osillations.
Nevertheless, it is known [20℄ that the ross setion for the sattering of eletron antineutrinos
on eletrons presents a destrutive interferene and a dynamial zero for the kinemati
onguration orresponding to an inident antineutrino energy, Eν =
me
4 sin2 θW
≃ me, and
maximum reoil energy T = Tmax =
2E2ν
2Eν+me
≃ 2me
3
(forward eletron). The point here is
that this zero is not present in νx + e
− → νx + e
−
and this fat ould make possible to
perform an appearane-like experiment. Indeed, if we were able to selet only the events in
a window around the dynamial zero onguration, we would be deteting almost only νx
and not νe whih would be a sort of appearane-like experiment. We will take advantage
of these fats in order to study the possibilities of using this hannel to measure (or to get
more restritive bounds on) Ue3. For typial antineutrino energies in a reator, the inverse
β-deay reation is the dominant one and the ross setion for ν + e→ ν + e is less than 1%
that of νe + p → e
+ + n. Nevertheless, neutrino-elasti sattering has no energy threshold
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and the reator neutrino ux has a maximum at ∼ 0.51.0 MeV. Keeping all this in mind,
we will show that the near detetor ould be used to searh for osillations in this hannel,
and not only to redue systemati errors in the far detetor. Therefore, the ombination of
the measurement in the near and in the far detetors might improve the sensitivity to θ13.
The main purpose of this paper is to motivate this hannel as a suitable way to look for
osillations in the near detetor.
It is important to remark several additional fats whih explain why it is worthwhile
to study more arefully this sort of appearane-like experiment by means of the νe − e
−
reation:
i) The dynamial zero is only present for ν¯e, not for νe or νµ (ν¯µ), ντ (ν¯τ ).
ii) The avour ν¯e is preisely the one whih is produed opiously in nulear reators.
iii) The neutrino energy at whih the zero appears is around the peak of the antineutrino
reator spetrum [21, 22℄.
iv) The dynamial zero is loated at the maximum eletron reoil energy T ≃ 2me/3. This
value is in the range of the proposed experiments [23℄ to detet reoil eletrons.
The outline of the paper is the following. In setion II, we present the framework of
neutrino osillations. In setion III we present the basis of the far detetor measurement.
In setion IV, we analyze the optimal baseline for the near detetor in order to be sensitive
to neutrino osillations working as an appearane experiment. The sensitivity to θ13, om-
paratively as what an be done just with the far detetor, is studied. Finally, in setion V,
we present our onlusions.
II. REACTOR NEUTRINO OSCILLATIONS
In the ase of reator neutrino experiments we are dealing with short baselines and thus,
when onsidering neutrino osillations, we an safely neglet matter eets. The form for
the survival probability is then given by
Pν¯e→ν¯e = 1− cos
4 θ13 sin
2 2θ12 sin
2
(
∆m221L
4E
)
4
+sin2 2θ13
[
cos2 2θ12 sin
2
(
∆m231L
4E
)
+ sin2 θ12 sin
2
(
∆m232L
4E
)]
(2.1)
Considering sin2 2θ13 and sin
2
(
∆m2
21
L
4E
)
small, to the rst order in this approximation we
an write Eq. (2.1) as
Pν¯e→ν¯e ≃ 1−
[
sin2 2θ13 sin
2
(
∆m231L
4E
)
+ sin2 2θ12 sin
2
(
∆m221L
4E
)]
(2.2)
If the high∆m221 solution, with ∆m
2
21 ∼ 10
−4
eV
2
, had turned out to be the right one, speial
are for the seond term in the braket in Eq. (2.2) would have been needed. In this ase
the determination of θ13 and θ12 are oupled, and a joint analysis of reator antineutrino
experiments with baseline of about 1 km and KamLAND would be needed (see Ref. [24℄ for
a study of the impat of θ13 6= 0 on KamLAND data). The new SNO salt phase data [4℄,
however, strogly points towards the low ∆m221 solution.
From the simplyity of Eq. (2.2) it is easily seen that orrelations and degeneraies play
a minor role in these type of experiments. However, this means that there exist some
limitations, as it is the fat that there is no dependene on the atmospheri neutrino mixing
θ23, on the type of hierarhy (sign of ∆m
2
31) or on the CP violating phase.
Throughout the paper we will use the following values for the dierent neutrino osillation
parameters [1, 4℄:
∆m221 = 7.1× 10
−5
eV
2 ; ∆m231 = 3.0× 10
−3
eV
2 ; tan2 θ12 = 0.41 (2.3)
The braket in Eq. (2.2), giving the appearane probability, Pν¯e→ν¯x (x 6= e), shows its
sensitivity to small values of the mixing angle θ13, unlike the ase of the disappearane
hannel.
III. FAR VS NEAR DETECTOR
We will rst onsider the basis of the far detetor reation and the use of the elasti
antineutrino-eletron sattering in the near detetor.
In order to reah a good sensitivity to sin2 2θ13, the detetion of small spetral distortions
in the positron event rates due to antineutrino osillations is important. This is only possible
by seleting an optimized baseline and by reduing systemati unertainties to the level of
5
1%. These two points are ruial if we want to ahieve an order of magnitude of improvement
for the sin2 2θ13 sensitivity. In the ase of the far detetor the dominant detetion reation
is the inverse β-deay
νe + p −→ e
+ + n (Eν)th = 1.804 MeV (3.1)
The seletion of the proper baseline whih gives the rst osillation maximum for reator
antineutrinos, diretly follows from the typial energies of the inverse β-deay reation, i.e.,
3.54.0 MeV. As we will see below, for ∆m231 = (2.5− 3.0)× 10
−3
eV
2
the optimum baseline
is ∼ 1.7 km.
We assume a far detetor tehnology like the CHOOZ or KamLAND detetors and a
typial integrated luminosity of L = 8000 t · GW · yr. For onreteness, in the ase of the
Kashiwazaki-Kariwa nulear power plant whose maximum thermal power is 24.3 GW, and
a 100-ton detetor, an exposure-time of ∼ 3.3 years would represent that luminosity.
Reation (3.1) has a easily reognizable signal, the positron anihilation with an eletron,
in delayed oinidene with the γ−ray from the neutron apture. The energy of the positron
is given by
Ee+ = Eνe − (Mn −Mp) +O(Eνe/Mn) ≃ Eνe − 1.293 MeV (3.2)
The visible energy in the detetor is given by the sum of the positron energy plus the
mass of the anihilated eletron, Evis = Ee+ + 0.511 MeV. Therefore, a preise measurement
of Evis orresponds to a preise determination of the neutrino energy, Eν¯e . Considering
onstant detetor eieny, ǫ, the expeted number of events in the detetor is given by
N = Np × Texp × ǫ×
1
4πL2
×
∫
dΦ
dEνe
(Eνe) · σ(Eνe) · Pνe→νe(Eνe) · dEνe (3.3)
where Np is the number of protons in the detetor, Texp is the exposure-time, L is the
reator-detetor distane, dΦ/dEνe(Eνe) is the initial reator energy spetrum, σ(Eνe) is the
ross setion for inverse β-deay and Pνe→νe(Eνe) is the survival νe given by Eq. (2.2).
The shape of the spetrum an be derived from a phenomenologial parameterization of
the spetra from several of short baselines experiments [22℄
dΦ
dEνe
= ea0+a1Eνe+a2E
2
νe
(3.4)
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FIG. 1: Antineutrino nulear reator ux weighted by ux square-distane fator relative to the
far detetor at 1.7 km. Near detetor at 0.25 km (dashed line) and far detetor at 1.7 km (solid
line) from the reator.
where the values of the energy oeients depend on the parent nulear isotope. This
expression is a very good approximation for antineutrino energies above 2 MeV. For lower
energies, we have used a alulation based on a summation of the allowed shape β deays
of all ssion fragments. The oeients of Eq. (3.4) and the alulated spetra for lower
energies are given in Ref. [21℄. In addition, we assume a onstant hemial omposition
for the reator, 53.8% of
235
U, 32.8% of
239
Pu, 7.8% of
238
U and 5.6% of
241
Pu (see, e.g.,
Refs. [24, 25℄). We will also onsider the thermal energy assoiated with the ssioning of
eah of those nulei as given in Ref. [26℄, that is 201.7 MeV for
235
U, 205.0 MeV for
239
Pu,
210.0 MeV for
238
U and 212.4 MeV for
241
Pu.
In Fig. 1, we show the antineutrino nulear reator ux for the near (dashed urve) and far
(solid urve) detetor distanes to the reator, weighted by the ux square-distane fator in
eah detetor. As an be seen from the gure, the nulear reator ux presents a maximum
around Eν ≃ 0.51.0 MeV, whih it is roughly a fator of seven with respet to the relevant
energies in the far detetor, Eν = 3.54.0 MeV. Thus, we have taken 1.7 km and 0.25 km (≃
1.7 km/7) for the far and near detetor-reator distanes, respetively. The inverse β-deay
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reation is only sensitive to antineutrino energies higher than the threshold one, 1.806 MeV
(limited by the dotted line), while the antineutrino-eletron elasti reation is so for the
entire spetrum. In addition, as an be seen from Fig. 1, within the region of the maximum,
the nulear reator ux is a few times larger than for the relevant energies deteted by the
inverse β-deay reation in the far detetor. All in all, due to being loser to the nulear
reator and working in a higher-ux region, the spetrum around the maximum in the near
detetor is a fator ∼ 100 times larger than the part of it sensitive to the inverse β-deay in
the far detetor. This an be understood by omparing the dashed and solid lines in Fig. 1.
On the other hand, there are dierent alulations of the ross setion for the inverse
β-deay whih take into aount dierent approximations valid for dierent regimes [27℄. To
the lowest order, this ross setion is given by
σ(Ee+) =
2π2
m5e f τn
pe+Ee+ (3.5)
where f is the phase spae fator for the free neutron deay and τn is the lifetime of a free
neutron.
Although the ross setion for ν + e → ν + e is about 1% that of νe + p → e
+ + n,
the ux gain, disussed before, due to the use of the near detetor around the maximum of
the spetrum ompensates this fator. Therefore, we expet, roughly, a similar number of
events in the far detetor using the inverse β-deay reation and in the near detetor using
the antineutrino-eletron elasti sattering
1
.
Thus, as the mixing θ13 is small and the far detetor performs a disappearane experiment,
it is very important to redue systemati unertainties. The near detetor will help in this
task using the same reation as the far detetor, but it will also be useful to perform neutrino
osillation studies by itself using antineutrino-eletron elasti sattering.
IV. APPEARANCE-LIKE EXPERIMENT
Many of the systemati unertainties, due to poor knowledge of the neutrino ux, number
of protons and detetion eieny anel out if besides a far detetor, a near detetor is used
and measurements in both detetors are ompared. It has been reently shown [17, 18℄ that
1
Assuming similar masses for both detetors.
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the use of a near detetor at ∼ 0.2 km makes possible the determination of sin2 2θ13 down to
0.010.02. It has also been shown that reator measurements an play a role omplementary
to long baseline experiments, helping to resolve parameter degeneraies.
As we have already argued above, we will show that not only is the near detetor useful
to lower the systemati unertainties, but also to perform neutrino osillation measurements
omplementary to those in the far detetor, by using antineutrino-eletron elasti sattering
for energies around the maximum of the reator antineutrino spetrum, whih, ombined
with the smaller baseline, implies a ux gain of ∼ 100 with respet the far detetor mea-
surements. Thus, although the antineutrino-eletron elasti ross setion is a fator ∼ 100
smaller than in the ase of inverse β-deay, working on the maximum of the reator spetrum,
allows us to use this reation for neutrino osillation studies in the near detetor.
The main purpose of using the antineutrino-eletron elasti sattering as the detetion
reation is to simulate an appearane experiment. In order to ahieve this, only that part
of the reoil eletron spetrum around the dynamial zero [28℄ must be onsidered. For this
hannel, the number of events is given by
N = Np × Texp × ǫ×
1
4πL2
×
∫
dσν
dT
(Eνe , T ) ·
dφo
dEνe
(Eνe) · dEνe dT (4.1)
where
dσν
dT
(Eνe , T ) is the sum of all the ross setions onvoluted with the osillation proba-
bilities
2
dσν
dT
(Eνe , T ) = Pνe→νe(Eνe)
dσνe
dT
(Eνe, T ) + Pνe→νx(Eνe)
dσνx
dT
(Eνe , T ) (4.2)
The rst term in Eq. (4.2), the dissapearane term, is the one measured in the far detetor,
but it annot be substrated out beause the energies of interest in the near detetor are
muh lower for the elasti reation. Around the dynamial zero, dσν¯e/dT = 0, and Eq. (4.2)
shows that around this point, this reation simulates an appearane-like experiment.
Using the fat that the probability of νe going to an antineutrino of any avor must be
equal to one, we an rewrite Eq. (4.2) as
2
We are taking the dierential ross setions for νµ and ντ (νx) as equal, not onsidering radiative orre-
tions.
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dσν
dT
(Eνe, T ) =
dσνe
dT
(Eνe, T ) +
(
dσνx
dT
(Eνe , T )−
dσνe
dT
(Eνe, T )
)
Pνe→νx (4.3)
The antineutrino-eletron elasti sattering ross setions are given by [21℄
dσνi
dT
(Eνi, T ) =
2GF me
π

(giR)2 + (giL)2
(
1−
T
Eνi
)2
− giL g
i
R
me T
E2νi


(4.4)
where GF is the Fermi oupling onstant, T the reoil kineti energy of the eletron and Eνi
the antineutrino inident energy. For neutrinos one has to make the hange giL ↔ g
i
R. In
terms of the weak mixing angle θW , the hiral ouplings g
i
L and g
i
R an be written for eah
neutrino avor as
geL =
1
2
+ sin2 θW g
e
R = sin
2 θW
(4.5)
gµ,τL = −
1
2
+ sin2 θW g
µ,τ
R = sin
2 θW
From Eq. (4.4) it is evident that if giLg
i
R > 0 there is a hane for the ross setion
to anel in the physial region. From Eq. (4.5) we see that this zero is only possible
in the νee
− → νee
−
hannel and, in fat, it takes plae for the kinematial onguration
Eν = me/(4 sin
2 θW ) and maximal T . Neither dσ
νµ/dT nor dσντ/dT present a dynamial
zero sine gµ,τL g
µ,τ
R < 0. We will take advantage of this fat.
In Fig. 2 we present the urves of onstant values of d ≡ log
[
dσνµ
dT
/dσ
νe
dT
]
(solid lines)
in the plane (θ, T ) where the dierent regions where the appearane hannel starts to be
important
3
, that is when
dσνµ
dT
> dσ
νe
dT
, an be learly seen. Curves of onstant antineutrino
energy are also shown (dashed lines).
Let us now onsider the following observable:
R(θ) =
N(θ)
NUe3=0(θ)
(4.6)
where N(θ) is the number of events for eletron reoil angles smaller than θ in the ase
of osillations and NUe3=0(θ) is the orresponding predition for Ue3 = 0. Close to the
3
The relation between θ and the other two kinemati variables, Eν and T , is given by cos θ =
E
ν
+me
E
ν
√
T
T+2me
.
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FIG. 2: Curves of onstant values of d ≡ log
[
σνµ
dT
/dσ
νe
dT
]
(solid lines) in the plane (θ, T ). Curves of
onstant antineutrino energy are also plotted (dashed lines).
onguration of the dynamial zero (small θ and the T-interval around T ≃ 2me/3) R > 1
(appearane-like experiment), while if we onsider a bigger sample R < 1 (disappearane-
like experiment). This an be learly seen by plotting R(θ)−1 for dierent values of θ = 0.3
(solid line), 0.5 (dashed line) and 1.11 ≡ θmax (dotted line) rad, as a funtion of sin
2 2θ13,
Fig. 3, for an eletron reoil energy interval T ∈ [0.25, 0.80℄ MeV and for a reator-detetor
baseline of L = 0.25 km.
As an be seen from Fig. 3, the region around the dynamial zero has a muh better
sensitivity to Ue3 than in the ase of making no angular seletion. As expeted, this is due
to the fat that in that ase, an appearane-like experiment is simulated, whih is muh
more sensitive to small mixings than a disappearane-like one. Of ourse, when narrowing
the angular detetion window, the statistis is smaller. The immediate question one should
11
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FIG. 3: R(θ)− 1 as a funtion of sin2 2θ13, for a given T-interval, T ∈ [0.25, 0.80℄ MeV, a reator-
detetor distane of 0.25 km, and for dierent values of θ = 0.3 rad (solid line), 0.5 rad (dashed
line) and θmax = 1.11 rad (dotted line).
wonder looking at Fig. 3 is whether this gain in sensitivity to θ13 when onsidering small
regions is large enough to ompensate this derease of statistis. It is important to notie that
this high slope an be due to the ratio between two small quantities, being the denominator
lose to zero (it nearly vanishes over the dynamial zero). From Fig. 3, it an also be seen
that there is an intermediate region where the eet of νe and νx interfere destrutively and
we have no sensitivity at all to θ13, even having muh more statistis and independently
of the value of θ13. This is lear from Eq. (4.3), for the term that depend on θ13 will be
suppressed when the eet of
dσνe
dT
(Eνe , T ) and
dσνx
dT
(Eνe , T ) ompensate eah other. Even if
there are osillations, at that onguration, the number of events is given just by dσνe/dT ,
and hene not being sensitive to osillations. As seen from Eq. (4.3), the kinematis of that
anellation is given by the only ondition that the harged urrent amplitude is twie the
neutral urrent one, whereas the dynamial zero of the νe reation shows up when the two
interfering amplitudes are equal.
In order to estimate the bounds one ould extrat by measuring R(θ), we will assume that
using the near detetor to redue systematis with the inverse β-deay reation, lowers the
unertainty on the normalization of the reator ux to σsys = 0.8% [18℄. Then, for a semi-
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FIG. 4: (R(θ) − 1)/δR(θ) as a funtion of the eletron reoil angle window (from 0 rad to θ rad)
for T ∈ [0.25, 0.80℄ MeV, sin2 2θ13 = 0.04 and a reator-detetor baseline of 0.17 km (dashed line),
0.25 km (solid line), 0.50 km (dotted line) and 0.75 km (dot-dashed line).
quantitative analysis, we will assume only statistial errors along with this systemati one
assoiated to the normalization of the antineutrino spetrum. In Fig. 4, (R(θ)−1)/δR(θ) is
shown as a funtion of the eletron-reoil-angle-window, θ-window, within the T-interval, T
∈ [0.25, 0.80℄ MeV, for dierent reator-detetor distanes and sin2 2θ13 = 0.04. From Fig. 4,
it is evident that if the entire θ-window is onsidered (dissapearane regime), the sensitivity
to small Ue3 dereases as the reator-detetor distane dereases. On the ontrary, this is
the opposite to what happens within a θ-window around the dynamial zero (appearane
regime), the sensitivity inreases as the reator-detetor distane dereases up to∼ 0.150.25
km.
These opposite behaviors an be understood by the fat that in the disappearane regime
larger antineutrino energies play a role, and thus larger distanes keep the osillatory fator
in the probability around its maximum. On the other hand, for antineutrino energies around
the dynamial zero, this osillatory maximum is reahed at a reator-detetor distane of ∼
0.25 km.
Comparatively, the best onguration for the appearane regime (∼ 0.25 km) gives a
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FIG. 5: Sensitivity to sin2 2θ13 as a funtion of the reator-detetor baseline, L (in km), for dierent
values of ∆m231 = 2 × 10
−3
eV
2
(dashed line), 3 × 10−3 eV2 (solid line) and 4 × 10−3 eV2 (dotted
line), at the 90 % ondene level. The detetion window is T ∈ [0.25, 0.80℄ MeV and: θ ∈ [0, 0.25℄
rad (left plot) and for all θ (right plot).
fator of two better in (R(θ)− 1)/δR(θ) than the best onguration for the disappearane
regime (∼ 0.75 km). For L = 0.25 km, sin2 2θ13 = 0.04 would be resolved with a 4σ ondene
level in the appearane regime. For this onguration, a sensitivity down to sin2 2θ13 = 0.015
ould be reahed at 90% ondene level, whih is omparable to the sensitivity that an be
reahed using the inverse β-deay reation in the far detetor, sin2 2θ13 ∼ 0.01. This is shown
in the left plot of Fig. 5 where the sensitivity to sin2 2θ13 (largest value of sin
2 2θ13 whih
ts the value sin2 2θ13 = 0 at the hosen ondene level) is depited as a funtion of the
reator-detetor baseline, L (in km), for dierent values of ∆m231 = 2 × 10
−3
eV
2
(dashed
line), 3 × 10−3 eV2 (solid line) and 4 × 10−3 eV2 (dotted line), at the 90 % ondene
level. The detetion window seleted is θ ∈ [0, 0.25℄ rad and T ∈ [0.25, 0.80℄ MeV. Thus,
in what the dependene with ∆m231 is onerned, there is a worse (better) sensitivity as it
dereases (inreases), within the allowed experimental range. For smaller values of ∆m231 the
sensitivity beomes slightly worse as the reator-detetor baseline beomes shorter (within L
= 0.150.25 km), while for larger values of ∆m231, the best sensitivity is obtained at shorter
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FIG. 6: (R(θ) − 1)/δR(θ) as a funtion of the eletron-reoil-angle-window (from 0 rad to θ rad)
for T ∈ [0.15, 1.00℄ MeV, sin2 2θ13 = 0.04 and a reator-detetor baseline of 0.17 km (dashed line),
0.25 km (solid line), 0.50 km (dotted line) and 0.75 km (dot-dashed line).
baselines. The right plot in Fig. 5, analogous to the left one but with no θ-window seleted,
i.e., ounting all the events, shows in another way that the dissapearane hannel is less
sensitive for the allowed range of neutrino osillation parameters. Thus, the knowledge of
the kinemati region around the dynamial zero is of ruial importane in order to ahieve
a omparable sensitivity to the one in the far detetor.
We an also study how the widening of the T-interval, keeping an angular-window xed,
aets the sensitivity. This is shown in Fig. 6, whih is analogous to Fig. 4 but for T ∈ [0.15,
1.00℄ MeV. As we an see from the plot, onsidering slightly wider T-intervals does not aet
signiantly the sensitivity to Ue3 while having more events. If we keep on widening the
T-interval the sensitivity to Ue3 within the appearane regime will derease in a signiant
way for L ∼ 0.150.25 km and will inrease for L >∼ 0.5 km. This ours beause of the
ontribution of higher energies and the displaement of the osillation maximum to longer
baselines. From a ertain baseline, L ∼ 0.75 km, and up, the lak of events dereases the
sensitivity. Thus, for a given ∆m231, there should be a ompromise between narrowing the
detetion window in order to onsider a region dominated by the dynamial zero (loating
15
the detetor at ∼ 0.15-0.25 km) with a relative small number of events, and opening up this
window in order to have a larger number of events, and then onsidering higher antineutrino
energies having to move the detetor to longer baselines, and onsequently losing ux. We
have found that the θ-window, up to 0.2− 0.3 rad, is demanded, whereas the reoil eletron
energy interval an be moderately extended at the expense of inreasing the baseline. An
appropiate hoie appears for T ∈[0.25, 0.80℄ MeV and L = 0.25 km.
V. CONCLUSIONS
Reent analyses have shown [17, 18℄ the interest of using two detetors in reator neutrino
osillation experiments in order to redue systemati errors and reah a sensitivity to the Ue3
mixing omparable to the rst-generation superbeams. Besides this strategy, we propose in
this paper the use of the near detetor to perform an appearane-like experiment by means of
sitting around the dynamial zero in the νe−e elasti sattering ross setion [20℄. Although
the ross setion for νe + e
− → νe + e
−
is about 1% that of νe + p→ e
+ + n, the ux gain
at smaller energies (around Eνe = 0.5 MeV) and the orresponding shorter baseline of the
near detetor ompensate this fator.
For a onguration with the near detetor at ∼ 0.25 km and a window in the eletron
reoil angle for νe + e
− → νe + e
−
from 0 to ∼ 0.25 rad (for eletron reoil kineti energies
up to ∼ 1 MeV), we nd a sensitivity down to sin2 2θ13 whih is omparable to the one that
an be reahed using the inverse β-deay reation in the far detetor at 1.7 km. In those
windows for νe + e
− → νe + e
−
, the ross setion for νx (x 6= e) is larger than that for νe as
an be seen in Fig. 2.
ACKNOWLEDGMENTS
We thank Massimo Passera and Thomas Shwetz for useful disussions. This work is
supported by the Spanish Grant FPA2002-00612 of the MCT. SPR has also been supported
16
by the Spanish MECD for a FPU fellowship and by NASA Grant ATP02-0000-0151.
[1℄ K. Kaneyuki [SUPER-KAMIOKANDE Collaboration℄, Nul. Phys. Pro. Suppl. 112 (2002)
24.
[2℄ Q. R. Ahmad et al. [SNO Collaboration℄, Phys. Rev. Lett. 87 (2001) 071301; Q. R. Ahmad
et al. [SNO Collaboration℄, Phys. Rev. Lett. 89 (2002) 011301; S. N. Ahmed et al. [SNO
Collaboration℄, nul-ex/0309004; S. Fukuda et al. [Super-Kamiokande Collaboration℄, Phys.
Lett. B 539 (2002) 179.
[3℄ K. Eguhi et al. [KamLAND Collaboration℄, Phys. Rev. Lett. 90 (2003) 021802.
[4℄ S. N. Ahmed et al. [SNO Collaboration℄, nul-ex/0309004.
[5℄ P. I. Krastev and S. T. Petov, Phys. Lett. B 205 (1988) 84; J. Arafune, M. Koike and
J. Sato, Phys. Rev. D 56 (1997) 3093 [Erratum-ibid. D 60 (1999) 119905℄; J. Bernabéu, Pro.
WIN'99, World Sienti (2000), p. 227, hep-ph/9904474; K. Dik, M. Freund, M. Lindner
and A. Romanino, Nul. Phys. B 562 (1999) 29; J. Bernabéu and M. C. Bañuls, Nul. Phys.
Pro. Suppl. 87 (2000) 315.
[6℄ M. C. Bañuls, G. Barenboim and J. Bernabéu, Phys. Lett. B 513 (2001) 391.
[7℄ J. Bernabéu, S. Palomares-Ruiz, A. Pérez and S. T. Petov, Phys. Lett. B 531 (2002) 90;
J. Bernabéu and S. Palomares-Ruiz, PRHEP-hep2001/218, hep-ph/0112002; J. Bernabéu and
S. Palomares-Ruiz, Nul. Phys. Pro. Suppl. 110 (2002) 339, hep-ph/0201090.
[8℄ J. Bernabéu, S. Palomares-Ruiz and S. T. Petov, Nul. Phys. B 669 (2003) 255.
[9℄ C. Lunardini and A. Y. Smirnov, Nul. Phys. B 616 (2001) 307; K. Takahashi and K. Sato,
Phys. Rev. D 66 (2002) 033006; K. Takahashi and K. Sato, Prog. Theor. Phys. 109 (2003)
919; C. Lunardini and A. Y. Smirnov, JCAP 0306 (2003) 009; A. S. Dighe, M. T. Keil and
G. G. Raelt, JCAP 0306 (2003) 006.
[10℄ M. Apollonio et al. [CHOOZ Collaboration℄, Phys. Lett. B 466 (1999) 415.
[11℄ F. Boehm et al., Phys. Rev. D 64 (2001) 112001.
[12℄ M. H. Ahn et al. [K2K Collaboration℄, Phys. Rev. Lett. 90 (2003) 041801.
[13℄ D. Mihael [MINOS Collaboration℄, Proeedings of the 20th International Conferene on Neu-
trino Physis and Astrophysis, Neutrino 2002, Munih, Germany, May 25-30.
[14℄ S. Katsanevas [CNGS Collaboration℄, Proeedings of the 20th International Conferene on
17
Neutrino Physis and Astrophysis, Neutrino 2002, Munih, Germany, May 25-30.
[15℄ Y. Itow et al., hep-ex/0106019; D. Ayres et al., hep-ex/0210005; A. Asratyan et al.
hep-ex/0303023; H. Minakata and H. Nunokawa, JHEP 0110 (2001) 001; P. Huber, M. Lind-
ner and W. Winter, Nul. Phys. B 654 (2003) 3; J. J. Gómez-Cadenas et al. [CERN working
group on Super Beams Collaboration℄, hep-ph/0105297; V. D. Barger, S. Geer, R. Raja and
K. Whisnant, Phys. Rev. D 63 (2001) 113011; K. Whisnant, J. M. Yang and B. L. Young,
Phys. Rev. D 67 (2003) 013004; G. Barenboim, A. De Gouvea, M. Szleper and M. Velaso,
hep-ph/0204208; M. Mezzetto, J. Phys. G 29 (2003) 1781; B. Rihter, hep-ph/0008222.
[16℄ M. Apollonio et al., hep-ph/0210192; A. De Rujula, M. B. Gavela and P. Hernandez, Nul.
Phys. B 547 (1999) 21; A. Cervera et al., Nul. Phys. B 579 (2000) 17 [Erratum-ibid. B 593
(2001) 731℄; V. D. Barger, S. Geer, R. Raja and K. Whisnant, Phys. Rev. D 62 (2000) 073002;
V. D. Barger, S. Geer, R. Raja and K. Whisnant, Phys. Rev. D 62 (2000) 013004.
[17℄ H. Minakata, H. Sugiyama, O. Yasuda, K. Inoue and F. Suekane, Phys. Rev. D 68 (2003)
033017.
[18℄ P. Huber, M. Lindner, T. Shwetz and W. Winter, Nul. Phys. B 665 (2003) 487.
[19℄ C. Bemporad, G. Gratta and P. Vogel, Rev. Mod. Phys. 74 (2002) 297.
[20℄ J. Segura, J. Bernabéu, F. J. Botella and J. Peñarroha, Phys. Rev. D 49 (1994) 1633.
[21℄ P. Vogel and J. Engel, Phys. Rev. D 39 (1989) 3378.
[22℄ F. T. Avignone and Z. D. Greenwood, Phys. Rev. C 22 (1980) 594; V. I. Kopeikin,
L. A. Mikaelyan and V. V. Sinev, Phys. Atom. Nul. 64 (2001) 849 [Yad. Fiz. 64 (2001) 914℄;
H. V. Klapdor and J. Metzinger, Phys. Lett. B 112 (1982) 22; K. Shrekenbah, G. Colvin,
W. Gelletly and F. Von Feilitzsh, Phys. Lett. B 160 (1985) 325; A. A. Hahn et al., Phys.
Lett. B 218 (1989) 365; O. Tengblad et al., Nul. Phys. A 503 (1989) 136.
[23℄ G. Bellini [BOREXINO Collaboration℄, Proeedings of the 20th International Conferene on
Neutrino Physis and Astrophysis, Neutrino 2002, Munih, Germany, May 25-30.
[24℄ M. C. González-Garia and C. Peña-Garay, Phys. Lett. B 527 (2002) 199,
[25℄ Y. Delais et al., Phys. Lett. B 338 (1994) 383.
[26℄ F. Boehm and P. Vogel, The Physis of Massive Neutrinos, (New York, Cambridge University
Press) 1992; H. Murayama and A. Piere, Phys. Rev. D 65 (2002) 013012.
[27℄ C. H. Llewellyn Smith, Phys. Rept. 3 (1972) 261; P. Vogel and J. F. Beaom, Phys. Rev. D
60 (1999) 053003; A. Strumia and F. Vissani, Phys. Lett. B 564 (2003) 42.
18
[28℄ J. Segura, J. Bernabéu, F. J. Botella and J. A. Peñarroha, Phys. Lett. B 335 (1994) 93.
19
